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F 402 

separate the test fixture into two 4-port test fixture 
segments, based on which ports of the DUT have 
internal coupling, wherein each test fixture segment 
has an outer 2-port reference plane and an inner 2 

port reference plane 

f 404 

perform a 4-port calibration at outer planes of the 
two test fixture segments, while corresponding ports 
of the inner planes of the test fixture segments are 
connected together with thru segments, to thereby 

determine a "thru" set of S-parameters 

r 406 

determine a set of S-parameters for each of the two 
4-port test fixture segments, 

based on the "thru" set of S-parameters 
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CHARACTERIZING TEST FIXTURES 

FIELD OF THE INVENTION 

The present invention relates to techniques for character 
izing a test ?xture that is used to connect a device under test 
(DUT) to a vector network analyzer (VNA), e.g., so that the 
test ?xture can be de-embedded from measurements of the 
DUT connected to the test ?xture. 

BACKGROUND 

Measurements of a device under test (DUT) using a VNA 
may not alWays be performed in a desired test environment. 
This is because it may be too time intensive and/or costly to 
measure a DUT in a desired test environment. Accordingly, a 
DUT is often measured in a different environment for reasons 
of expediency and/ or practicality, thereby requiring the use of 
embedding or de-embedding techniques to correct the effects 
of the test environment. For example, a DUT may be in a test 
?xture When measurements of the DUT are made, thereby 
requiring the removal of the effects of the ?xture from the 
measured data for a truer picture of actual DUT performance. 
De-embedding techniques alloWs this task (i.e., removal of 
effects) to be performed computationally. In another 
example, a customer may desire to see What the performance 
of a DUT Would be With a speci?c matching netWork 
attached. HoWever it may be impractical to attach the match 
ing netWork during manufacturing for cost reasons. Embed 
ding techniques alloW this task (i.e., attaching the matching 
netWork) to be performed computationally. 

In an ideal de-embedding problem, a test ?xture to be 
de-embedded can be characterized by placing multiple cali 
bration standards at input and output planes of the ?xture. In 
practice, this is often dif?cult due to the nature of the media at 
one or more interfaces (e.g., a launch onto a PC board). This 
problem is compounded in multiport problems in that there 
may be intra-port coupling that needs to be taken into 
account. 

As just explained, a structure to be de-embedded can be a 
test ?xture surrounding a multiport DUT. The classical 
approach has been to treat all ports of the ?xture as uncoupled, 
in Which case standard tWo port de-embedding techniques 
may be used, as explained With reference to FIG. 1. In the 
classic approach, the path from each ?xture port to the DUT 
is treated as an independent tWo port netWork, also referred to 
as a ?xture part. This can be appreciated from FIG. 1, Which 
schematically shoWs a 4-port DUT 102 connected to four 
?xture parts 1041, 1042, 1043 and 1044. Typically, three or 
more re?ect standards (also knoWn as calibration standards) 
Would be connected at the DUT plane 1 07 for each ?xture part 
104”, From this, the S-parameters of each ?xture part can be 
deduced. This could require a fair amount of standards devel 
opment, Which could be dif?cult depending on the media near 
the DUT. Also, this may require a reciprocity assumption 
about the ?xture, as explained in an article by R. Bauer and P. 
Pen?eld, entitled “De-embedding and Unterrninating,” IEEE 
Trans. On MTT, vol. MTT-22, March 1974, pp. 282-288, 
Which is incorporated herein by reference. 

Still using the tWo port construct, one could try to just use 
a thru pair standard, Which connect ?xture part 104 1 to ?xture 
part 1043, and connects ?xture part 1042 to ?xture part 1044. 
Additional assumptions must be made in this case, including: 
most mismatch concentrated near the external launch point 
and reasonably Well-matched overall; and Well-matched at 
the DUT interface planes. 

30 

35 

40 

45 

50 

55 

60 

65 

2 
HoWever, if the ports of the ?xture have any coupling (i.e., 

if ?xture parts are coupled), this procedure breaks doWn since 
the de-embedding must be treated as a 4 (or more) port net 
Work, instead of a 2 port netWork. Thus, even if the assump 
tions stated above can be met, there Will be accuracy issues 
due to the mishandling of coupling. 
A complete solution to the problem Would be a variant on 

extraction, Which is explained, e.g., for example, in Anritsu 
Application Note 11410-000278, entitled “Embedding/De 
embedding,” May 2002, pp. 12-13. In this technique, a full 
N-port calibration is accomplished at the inner planes of the 
?xture as Well as the outer planes. This can be explained With 
reference to FIG. 2. 

Referring to FIG. 2, a DUT 202 is shoWn surrounded by a 
?xture 200. Here, tWo full calibrations can be performed, one 
using a outer calibration plane 206, and one using an inner 
calibration plane 207, Which alloWs S-parameters of the ?x 
ture to be extracted. Using this technique some port coupling 
Within the ?xture 200 is alloWed, but caution is required. 

This full extraction process, can hoWever, be troublesome 
in that a full set of calibration standards must be developed at 
the inner plane 207. This can be expensive and may have 
accuracy problems since the media at the inner planes may 
not be Well characterized. The number of standards used may 
be dependent on the level of intra-?xture coupling that one is 
trying to extract and convergence issues can arise at very high 
coupling levels. 

Accordingly, there is still a need for an extraction proce 
dure that can handle some level of port coupling Within the 
?xture, require a minimum of standards development at the 
inner plane, and still remove the ?xture effects With reason 
able accuracy. 

SUMMARY 

Speci?c embodiments of the present invention are related 
to systems and methods for characterizing a test ?xture that is 
used for connecting four ports a device under test (DUT) to a 
vector netWork analyzer (VNA), e.g., to thereby enable de 
embedding of the test ?xture from measurements of the DUT 
connected to the test ?xture. In accordance With an embodi 
ment, the test ?xture is separated into tWo 4-port test ?xture 
segments, based on Which ports of the DUT have internal 
coupling. Each test ?xture segment has an outer 2-port refer 
ence plane and an inner 2-port reference plane. A 4-port 
calibration is performed at outer planes of the tWo test ?xture 
segments, While corresponding ports of the innerplanes of the 
test ?xture segments are connected together With thru seg 
ments, to thereby determine a “thru” set of S-parameters 
(Smn’hm). A set of S-parameters (SW/WW9’l and Smn?’m‘rei) 
is determined for each of the tWo 4-port test ?xture segments, 
based on the thru set of S-parameters (Smn’hm). This can be 
e?iciently accomplished, using various reasonable assump 
tions. The sets of S-parameters can then be used for de 
embedding of the test ?xture from measurements of the DUT 
connected to the test ?xture. For example, such information 
can be stored as de-embedding ?les (e. g., s4p ?les), Which can 
be used in a de-embedding algorithm. 

Embodiments of the present invention can also be used to 
characterize a test ?xture that is used for connecting only 2 
ports of a DUT to aVNA. This Would be useful Where a ?xture 
being used to measure S-parameters of a 2-port DUT, or to 
measures S-parameters of 2 ports of a DUT having more than 
2 ports (e.g., Where only 2 ports have coupling). More gen 
erally, speci?c embodiments of the present invention can be 
used to characterize a test ?xture that is used for connecting 2 
ports of DUT to a VNA, to thereby enable de-embedding of 
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the test ?xture from measurements of the DUT connected to 
the test ?xture. Such embodiments are similar to those just 
described above, but only one test ?xture segment need be 
characterized. 

Embodiments of the present invention can also be used to 
characterize a test ?xture that is used for connecting a DUT 
having more than 4 ports to aVNA. In such embodiments, the 
test ?xture is separated into multiple 4-port test ?xture seg 
ments, based on Which ports of the DUT have internal cou 
pling, Wherein each test ?xture segment has an outer 2-port 
reference plane and an inner 2-port reference plane. A 4-port 
calibration is performed at outer planes of a pair of the test 
?xture segments, While corresponding ports of the inner 
planes of the pair of test ?xture segments are connected 
together With thru segments, to thereby determine a thru set of 
S-parameters (S Smnthml). The calibration process is 
repeated for further pairs of the test ?xture segments, until all 
of the test ?xtures segments are part of a 4-port calibration. 
Each time the calibration is repeated, another thru set of 
S-parameters is determined. A set of S-parameters 
(Smn?xtl‘reiy) is then determined for each of the multiple 
4-port test ?xture segments, based on the thru sets of S-pa 
rameters determined from the calibrations. 

Further embodiments, and the features, aspects, and advan 
tages of the present invention Will become more apparent 
from the disclosure set forth beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates hoW each path from each ?xture port to 
the 4-port DUT can be treated as an independent tWo port 
network (also referred to as a ?xture part). 

FIG. 2 illustrates tWo calibration planes that exist When a 
4-port DUT is connected to a test ?xture. 

FIG. 3A illustrates a schematic representation of an exem 
plary 4-port DUT. 

FIG. 3B illustrates a schematic representation of an exem 
plary test ?xture that can be used to connect the 4-port DUT 
of FIG. 3A to a VNA. 

FIG. 3C illustrates hoW thru segments can be used With the 
test ?xture of FIG. 3B to provide a test structure that can be 
connected to a VNA, for measuring the structure’s S-param 
eters, in accordance With speci?c embodiments of the present 
invention. 

FIG. 4 is a high level How diagram that summarizes a 
technique, according to speci?c embodiments of the present 
invention, that can be used to characterize a test ?xture (e.g., 
ofFIG. 3B) that is used for connecting a 4-port DUT (e.g., of 
FIG. 3A) to a VNA, to thereby enable de-embedding of the 
test ?xture from measurements of the DUT connected to the 
test ?xture. 

FIG. 5 illustrates hoW the use of a Wrong equation Will 
result in incorrect S-parameters. 

FIG. 6 shoW S11 and S22 (top graph), S33 and S44 (middle 
graph), and S13 and S24 (bottom graph) for a thru-structure 
DUT, Where techniques of the present invention Where used 
to characterize a test ?xture used to connect the DUT to a 
VNA, and the test ?xture Was de-embedded from measure 
ments of the DUT connected to the test ?xture. 

FIG. 7 shoWs results of a repeatability check of the results 
shoWn in FIG. 6. FIG. 8 shoWs the same S-parameters as 
shoWn in FIGS. 6 and 7, but for one of the ?xture segments, to 
give an idea of the magnitude of the structure being de 
embedded. 

FIG. 8 shoWs measured S-parameters for one of the test 
?xture segments shoWn in FIGS. 3B and 3C. 
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4 
FIG. 9A illustrates a schematic representation of an exem 

plary 6-port DUT. 
FIG. 9B illustrates a schematic representation of an exem 

plary test ?xture that can be used to connect the 6-port DUT 
of FIG. 9A to a VNA. 

FIGS. 9C and 9D illustrates hoW thru segments can be used 
With the test ?xture of FIG. 9B to provide test structures that 
can be connected to a VNA, for measuring the structure’s 
S-parameters, in accordance With speci?c embodiments of 
the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention are directed to tech 
niques for characterizing a test ?xture that is used for con 
necting a device under test (DUT) to a vector netWork ana 
lyzer (VNA), to thereby enable de-embedding of the test 
?xture from measurements of the DUT connected to the test 
?xture. FIG. 3A illustrates a schematic representation of an 
exemplary 4-port DUT. 

Speci?c embodiments discussed herein enable the con 
struction of 4-port netWorks, i.e., treating ?xture ports on a 
pairing basis to account for Weak coupling. This enables 
de-embedding of multiport ?xtures using a single thru cali 
bration measurement and some assumptions about the match 
behavior in parts of the netWork. 
A key premise is to invoke separability of a netWork 

describing one segment of the ?xture. Here a ?xture segment 
is de?ned to be a port pair (as is commonly done in the popular 
differential drive scenarios), but it can be expanded to larger 
port groupings if need be. FIG. 3B illustrates an exemplary 
?xture 300 that can be used to connect the 4-port DUT 302 to 
aVNA (not shoWn). FIG. 3B also shoWs that the ?xture 300 is 
separated into (or treated as) tWo ?xture segments 3041 and 
3042. As use herein, the term “separate”, “separated” or 
“separating” is not meant to indicate that the ?xture is actually 
physically separated. Rather, these terms indicate that ports of 
the ?xture are grouped together in such a Way that each group 
of ports can be treated as a sub-?xture of the larger ?xture. 
When separating a test ?xture (e.g., 300) into test ?xture 

segments (e.g., 3041 and 3042), such separation is based on 
Which ports of the DUT have internal coupling. This is useful, 
because tWo port pairing are very common, particularly for 
differential systems. Another assumption is the symmetry of 
the tWo ?xture segments (e.g., 304 1 and 3042). This symmetry 
assumption can including assuming that: 

Here, because each test ?xture segment is a 4-port device, 
sixteen scattering parameters (S-parameters) can fully de?ne 
each test ?xture segment. HoWever, for the most commonly 
used ?xture structures, some simpli?cations can be made. 
Typically a launch onto the ?xture itself (e.g., a connection 
from a coaxial connector onto a board medium of the ?xture) 
is the most troublesome. For example, for ?xture segment 
3041, mismatch and coupling tend to be strongest on the outer 
plane of a ?xture (e.g., Where the ?xture is connected to a 
coaxial connector), rather than the inner plane (Where the 
?xture is connected to the DUT). Also, the link from the inner 
plane of the ?xture to the DUT can often be done in a very 
Well-controlled impedance environment With good ground 
de?nition. Thus, an assumption is to transfer all mismatch and 
cross-talk to the outer plane of the ?xture. For example, 
referring to FIG. 3B, for ?xture segment 3041 it is assumed 
that mismatch is concentrated at the 1-2 side, and that insub 
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stantial mismatch occurs at the 3-4 side; and for ?xture seg 
ment 3042 it is assumed that mismatch is concentrated at the 
3-4 side, and that insubstantial mismatch occurs at the 1-2 
side. As can be appreciated from FIG. 3B, here the 1-2 side of 
?xture segment 3041 is an outer plane; the 3-4 side of ?xture 
segment 3041 is an innerplane; the 1-2 side of ?xture segment 
3042 is an inner plane; and the 3-4 side of ?xture segment 
3042 is an outerplane. It is also assumed that the crosstalk can 
be lumped at the outer planes. This assumption rests on the 
insertion loss of the ?xture not being very high (because then 
from an S-parameter point of vieW, it doesn’t matter Where the 
cross-talk is concentrated). 

It is also assumed that the mismatch even at the 1-2 side is 
minimal and insigni?cant, and that there is some insertion 
loss in the ?xture. Both of these are reasonable assumptions, 
particularly for the popular printed circuit (PC) board-based 
?xture environment. It is also assumed that the amount of 
cross-talk is small relative to the insertion loss, Which is also 
usually true for Well-designed test ?xtures. 

With this assumption group, the S-parameters for the ?x 
ture segment 304l simplify to that shoWn beloW, in Equation 
1a (Eq. 1a). In other Words, because there is assumed to be 
insigni?cant mismatch on the 3-4 side of the ?xture segment 
3041, and cross-talk is lumped at the 1-2 side, then it is 
reasonable to assume that S33, S34, S34 and S44 are all Zero. 

511 

S21 

S31 

S41 

S12 S13 S14 

S22 S23 S24 

S32 0 0 

s42 0 0 

(Eq. la) 

Similarly, for the ?xture segment 3042, because there is 
assumed to be insigni?cant mismatch and on the 1-2 side of 
the ?xture segment 3042, and cross-talk is lumped at the 3-4 
side, then it is reasonable to assume that S1 1, S21, S12 and S22 
are all Zero, as shoWn in Equation 1b (Eq. 1b). 

0 O 

O 0 

S31 S32 

S41 S42 

S13 

S23 
S33 

S43 

S14 

S24 
S34 

544 

(Eq. 1b) 

To proceed further, there should be some sort of test struc 
ture that can be connected to a VNA, for measuring the 
structure’s S-parameters. The simplest of all in a ?xture envi 
ronment is a thru system including the tWo ?xture segments, 
With thru segments there-betWeen, as shoWn in FIG. 3C. Each 
thru segment is a transmission line segment With good match, 
very loW insertion loss relative to the rest of the structure, and 
knoWn electrical length (in other Words, perfect match, Zero 
loss and Zero electrical length is not necessary). The resulting 
test structure is, in some sense, a minimal calibration struc 
ture to get enough information about the ?xture (under some 
assumptions) to alloW for successful de-embedding. More 
speci?cally, a 4-port calibration is performed at outer planes 
of the tWo test ?xture segments, While corresponding ports of 
the inner planes of the test ?xture segments are connected 
together With thru segments, to thereby determine a set of 
S-parameters (Sm/W”), sometimes referred to herein as a 
“thru” set. 

Here the inner match assumption (i.e., relating to the 3-4 
side of ?xture segment 3041, and the 1-2 side of ?xture 
segment 3042) stated above is met, and With proper construc 
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6 
tion the cross-talk assumption can also be met. With regards 
to test ?xture segment 3041, from the 16 S-parameters mea 
sured of this structure, the upper left (UL) quadrant of Eq. 1a 
(i.e., S11, S21, S12 and S22) can be ?lled, since it is still 
assumed that What mismatch exists is primarily from the entry 
launch. 
A next task can be to separate out the insertion loss and 

far-end crosstalk (FEXT) components of the tWo test ?xture 
segments. Far-end crosstalk (FEXT) is de?ned as a measure 
of the unWanted signal coupling from a transmitter at the 
near-end into a neighboring pair measured at the far-end. 
Near-end crosstalk (NEXT) is de?ned as the unWanted signal 
coupling from a near-end transmitter into a pair measured at 
the same end. 

Because it is desired to keep the standards measurement to 
this one thru construct, a symmetry assumption should be 
made With regards to insertion loss and FEXT. Thus in a 
simple tWo port case, one Would conclude that Equation 2 
(Eq. 2) is true. 

SMWEIW <Eq- 2) 
But With a 4-port (or larger) structure, it is no longer this 

simple. Consider the upper right quadrant (UR) of the S-ma 
trix in Eq. 1a (S13, S23, S14 and S24) as if it represents the 
measurement of the thru structure. A naive application of the 
tWo port approach might have one taking a square root of each 
term individually. Since the FEXT terms (e.g., S23, S32, S 1 4 
and S41) represent a leakage, they can fully cross-over and 
back to the main line transmission paths and reinforce each 
other. Thus a multiplicative combination is not correct. Con 
sider a perfectly matched, lossless ?xture pair With no NEXT 
(Lew S1 1:S22:S33:S44:S12:S21:S34:S43:0: and 
S 3 1 :S 13:S42:S24:1) but With some FEXT 
(S32:S23:S41:Sl4:0.1 on each segment). If one connects 
these tWo segments in the thru construct, one gets the result of 
FIG. 5. 
More speci?cally, FIG. 5 shoWs the calculation of the tWo 

described ?xture segments 3081 and 3082. If the paths could 
be treated as independent (i.e., calculated on a term-by-term 
basis), |S41| and |S32| should have been 0.01 instead of the 
shoWn 0.2, and |S31| and |S42| should have been 1 instead of 
1.01. In other Words, if the terms could have been calculated 
on a term-by-term basis, the net FEXT should have been 0.01 
instead of the observed 0.2. This is the result of the term-by 
terrn approach ignoring coherent combination. 

It is possible to shoW through transfer matrix arithmetic, 
that the proper Way to combine the quadrants is through a 
matrix square root operation, as shoWn beloW. 

(Eq. 3a) 

thru thru 
S23 S 24 

Exemplary details of hoW to perform such a square root 
operation are provided, e.g., in an article by A. Bjorck and S. 
Hammarling, entitled “A Schur Method for the Square Root 
of a Matrix,” Linear Algebra and Its Applications, Vol. 52/53, 
1983, pp. 127-140, Elsevier Science Publishing, NeW York, 
N.Y., Which is incorporated herein by reference. 

Using Equation 3a, SB?XWLI, S14?xWL1, S23?’m‘VLl and 
Sgt/9mm?’l can be solved for. In other Words, Equation 3a 
enables the upper right (UR) quadrant of the S-matrix of 
Equation 1a to be determined. 
The reciprocal structure applies to the loWer left (LL) quad 

rant (i.e., S31, S41, S32 and S42) ofthe matrix, as shoWn beloW. 
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sgilxture Sgigture (Eq. 3b) 
KXIMrE KXIMrE thru thru 541 S12 S41 542 

The lower left (LL) quadrant S-parameters (i.e., S31, S41, 
S32 and S42) can be solved for using Equation 3b. Alterna 
tively, using the assumption that the ?xture segment is recip 
rocal, it can be assumed that the LL quadrant equals the 
reciprocal of UR quadrant. More speci?cally, it can be 
assumed s3l?xtureil:sl3?xtureils s4l?xtureil:sl4?xtureils 
s32?xtureil:s23?xtureils and s42?xtureil:s24?xtureils Where 
Sl3?xtureil’ Sl4?xtureil’ S23?xtureil and S24?xtureil Were 
solved for using Equation 3a. 

All that remains is to determine the S-parameters for the 
upper left (UL) quadrant (i.e., S11, S12, S21 and S22). From the 
previous assumptions about the sources of mismatch and 
NEXT, these terms Would remain unchanged from the thru 
measurement. More speci?cally, the UL quadrant can be 
determined b assumin S ?"WLIIS ‘hm 

? t 1 th ? t 1 11th 1 l X lll’ei i V14 X 1478* i V14 

S2 1 TSZ l 5 S l 2 is l 2 

s 

and 
S22?xtureil:S22thru~ Here’ the Sllthru’ S2lthru’ Sl2thru and 
S 22”’ r” are the S-parameters measurements resulting from the 
4-port calibration at outer planes of the tWo test ?xture seg 
ments 3041 and 3042, While corresponding ports of the inner 
planes of the test ?xture segments are connected together With 
thru segments 310. 

Combining these results to get the estimated S-parameters 
of the tWo ?xture segments, one gets the folloWing Where 
S~represents the quadrants 

I~rhru (Eq- 4) 
Sfixtulefl _ SUL SUR 

S?xtum) : 

Here the port numbering may be a bit unconventional, in 
that ports 3 and 4 of ?xture segment 3081 and ports 1 and 2 of 
?xture segment 3082 are nearest the DUT plane. Some cau 
tion is needed and port reversal may be required depending on 
the implementation of the de-embedding algorithm. The 
quadrant subscripts above are ULqlpper left, URqlpper 
right, LL:lOWeI‘ left, and LR:lOWeI‘ right. 

The above described technique is summarized With refer 
ence to the high level How diagram of FIG. 4. Such technique 
can be used to characterize a test ?xture (e. g., 300) that is used 
for connecting a 4-port DUT (e. g., 302) to a VNA, to thereby 
enable de-embedding of the test ?xture from measurements 
of the DUT connected to the test ?xture. This technique can 
also be used for characterizing a test ?xture that is for use in 
connecting a DUT having more than 4 ports to a VNA, but 
Where only 4 ports of the test ?xture are being characterized, 
and thus, only 4 port of the DUT are connected to the test 
?xture. 

Referring to FIG. 4, at a step 402, the test ?xture (e.g., 300) 
is separated into tWo 4-port test ?xture segments (e.g., 3041 
and 3042), based on Which ports of the DUT have internal 
coupling, Wherein each test ?xture segment has an outer 
2-port reference plane and an inner 2-port reference plane. 
For example, for a 4-port DUT having a pair of differential 
inputs, and a pair of differential outputs, the ports of the test 
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8 
?xture that connect to the differential inputs can be a ?rst test 
?xture segment, and the ports of the test ?xture that connect 
to the differential outputs can be a second test ?xture segment. 

Still referring to FIG. 4, at a step 404 a 4-port calibration is 
performed at outer planes of the tWo test ?xture segments, 
While corresponding ports of the inner planes of the test 
?xture segments are connected together With thru segments, 
to thereby determine a thru set of S-parameters (Smn’hm). An 
example of this is described above With reference to FIG. 3C. 

Next, at a step 406, a set of S-parameters (Smn?m‘rLl and 
Smn?xmrei) is determined for each of the tWo 4-port test 
?xture segments, based on the thru set of S-parameters 
(Sm/W”) determined at step 404. Details of this step are 
provided above. 

The results of step 406 is likely a de-embedding ?le for 
each test ?xture. Once the S-parameters (Which may be in the 
form of a de-embedding ?le) are determined for the test 
?xture segments, they can be used to de-embed the test ?xture 
from measurements of a DUT that include measurements of 
the test ?xture. Such de-embedding is Well knoWn, and thus 
need not be explained herein. 

To test the above described concepts, a printed circuit 
board (PCB) test ?xture Was used With a total of 18 ports, but 
it Will be treated as a four port structure for this example. A 
thru line calibration structure, as described above, Was pro 
vided on the board. This structure Was measured, and de 
embedding ?les Were generated using the technique 
described. Such de-embedding ?les Will typically be saved as 
s4p ?les. These tWo s4p ?les Were then de-embedded from 
another thru measurement to see if the ?les generated could 
delete the ?xture (leaving a perfectly matched, lossless net 
Work). The results of the de-embedding of the tWo computed 
?xture segments are shoWn in FIG. 6. 

Ideally the results Would shoW perfect match and no net 
insertion loss. These results are reasonably Within expecta 
tions of repeatability of the cables involved. To check this, the 
thru structure Was measured tWice and the pure repeatability 
of the measurement Was checked (in a quasi-normalization 
process). These results are shoWn in FIG. 7 and are even 
Worse. While this is likely due to a cable bump that happened 
during that experiment, it does suggest that the de-embedding 
experiment of FIG. 6 Was successful to Within expectations. 
As an indication of the scale of attenuation and mismatch 

that is being removed, some of the S-parameters of the full 
thru-pair structure are shoWn in FIG. 8. More speci?cally, 
FIG. 8 shoWs measured S-parameters for one of the test 
?xture segments 304, to give an idea of the magnitude of the 
structure being de-embedded. Match Was on the scale of —10 
dB and insertion loss reached ~13 dB at 6 GHz. 

Provided above is a method for extracting parameters of 
multiport ?xtures and other structures for de-embedding. In 
contrast to previous multiport techniques, it is amenable to 
situations When feW calibration standards are available at the 
DUT measurement plane, because only a thru pair structure is 
required. In contrast to simpler 2 port techniques, it properly 
handles FEXT (far end cross-talk) contributions in the ?xture, 
thus improving accuracy at least in loW leakage situations. 
The method relies on a feW assumptions: symmetric insertion 
loss betWeen ?xture sections (and tWo ?xture sections can be 
connected together), Well-matched DUT plane interfaces, 
and mismatch and NEXT dominated by the ?xture launch. 
Embodiments of the present invention can also be used to 

characterize a test ?xture that is used for connecting only 2 
ports of a DUT to aVNA. This Would be useful Where a ?xture 
is being used to measure S-parameters of a 2-port DUT. This 
Would also be useful Where there is a desire to only measure 
S-parameters of 2 ports of a DUT having more than 2 ports, 
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e.g., because only 2 ports have coupling. More generally, 
speci?c embodiments of the present invention can be used to 
characterize a test ?xture that is used for connecting 2 ports of 
DUT to a VNA, to thereby enable de-embedding of the test 
?xture from measurements of the DUT connected to the test 
?xture. 

If the test ?xture that is being characterized is similar to test 
?xture 300, and is capable of being separated into tWo 4-port 
test ?xture segments, then the technique described above With 
reference to FIGS. 3B, 3C and 4 can be used. The only 
difference is that since only 2 ports of the DUT Will be 
connected to the test ?xture during actual measurements of 
the DUT, then only the test ?xture segment that Will be con 
nected to the DUT need be fully characterized (at step 406). 
For example, there may only be the need to determine 
Smn?xmreil, but not Smn?xtl‘rei. This Will result in a reduced 
amount of calculations. 
Where the test ?xture is only a 2-port test ?xture, then tWo 

such test ?xtures can be connected together With thru seg 
ments (similar to 310), to enable the 4-port calibration of step 
404 to be performed. Each 2-port test ?xture can be treated as 
a test ?xture segment, and the technique described above With 
reference to FIGS. 3B, 3C and 4 can be used. For similar 
reasons to those just mentioned, after the 4-port calibration is 
performed at step 404, only one test ?xture segment need be 
characterized at step 406. 

Embodiments of the present invention can also be used to 
characterize a test ?xture that is used for connecting a DUT 
having more than 4 ports to a VNA. For example, FIG. 9A 
illustrates a schematic representation of a 6-port DUT 902. 
FIG. 9B illustrates a schematic representation of a ?xture 900 
that can be used to connect the 6-port DUT to a VNA. 

To characterize a test ?xture, such as ?xture 900, the test 
?xture is separated into multiple 4-port test ?xture segments, 
based on Which port pairs of the DUT have internal coupling. 
Each test ?xture segment has an outer 2-port reference plane 
and an inner 2-port reference plane. For the ?xture 900, Which 
has 6 ports, this can result in three 4-port test ?xture segments 
9041, 9042 and 9043, as shoWn in FIG. 9B. 
As shoWn in FIG. 9C, next, in a similar manner as Was done 

at step 404 discussed above, a 4-port calibration is performed 
at outer planes of a pair of the test ?xture segments (e.g., 904 l 
and 9042), While corresponding ports of the inner planes of 
the pair of test ?xture segments are connected together With 
thru segments (e.g., 9101), to thereby determine a thru set of 
S-parameters (Sm/1”‘ J). This is repeated for further pairs of 
the test ?xture segments (e.g., 9041 and 9043, as shoWn in 
FIG. 9D), until all of the test ?xtures segments are part of at 
least one 4-port calibration. Each time this step is repeated, 
different thru segments (e.g., 9102) may be used, if necessary. 
Also, each time this step is repeated, another thru set of 
S-parameters is determined. 

Next, in a similar manner as Was done at step 406 discussed 
above, a set of S-parameters (Smn?xtl‘reiy) is determined for 
each of the multiple 4-port test ?xture segments, based on the 
thru sets of S-parameters determined. 

Overall, the just described techniques of the present inven 
tion enable the characterizing of a test ?xture that is used for 
connecting a DUT to aVNA, to thereby enable de-embedding 
of the test ?xture from measurements of the DUT connected 
to the test ?xture. Since embodiments of the present invention 
generally characterize a ?xture, embodiments of the present 
invention can also be used for embedding. Embodiments of 
the present invention can also be to enable de-embedding of 
one ?xture, and embedding of another ?xture that may have a 
matching netWork, arti?cial loading netWork, or some other 
construct. 
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10 
Many features of the present invention can be performed 

in, using, or With the assistance of hardWare, softWare, ?rm 
Ware, or combinations thereof. Consequently, features of the 
present invention may be implemented using a processing 
system (e.g., including one or more processors). Such a pro 
cessing system can be implanted, e.g., Within a Vector Net 
WorkAnalyzer (VNA), or a computer connected to aVNA, or 
the like. 

Features of the present invention can be implemented in, 
using, or With the assistance of a computer program product 
Which is a storage medium (media) having instructions stored 
thereon/ in Which can be used to program a processing system 
to perform any of the features presented herein. The storage 
medium can include, but is not limited to ROMs, RAMs, 
EPROMs, EEPROMs, DRAMs, VRAMs, ?ash memory 
devices, or any type of media or device suitable for storing 
instructions and/or data. 

Stored on any one of the machine readable medium (me 
dia), features of the present invention can be incorporated in 
softWare and/or ?rmWare for controlling the hardWare of a 
processing system, and for enabling a processing system to 
interact With other mechanism utilizing the results of the 
present invention. Such softWare or ?rmWare may include, 
but is not limited to, application code, device drivers, operat 
ing systems and execution environments/ containers. 

Features of the invention may also be implemented in 
hardWare using, for example, hardWare components such as 
application speci?c integrated circuits (ASlCs). Implemen 
tation of the hardWare state machine so as to perform the 
functions described herein Will be apparent to persons skilled 
in the relevant art(s). 

While various embodiments of the present invention have 
been described above, it should be understood that they have 
been presented by Way of example, and not limitation. It Will 
be apparent to persons skilled in the relevant art that various 
changes in form and detail can be made therein Without 
departing from the spirit and scope of the invention. 
The present invention has been described above With the 

aid of functional building blocks illustrating the performance 
of speci?ed functions and relationships thereof. The bound 
aries of these functional building blocks have often been 
arbitrarily de?ned herein for the convenience of the descrip 
tion. Alternate boundaries can be de?ned so long as the speci 
?ed functions and relationships thereof are appropriately per 
formed. Any such alternate boundaries are thus Within the 
scope and spirit of the invention. 
The breadth and scope of the present invention should not 

be limited by any of the above-described exemplary embodi 
ments. 

What is claimed is: 
1. A method for characterizing a test ?xture that is used for 

connecting 4 ports of a device under test (DUT) to a vector 
netWork analyzer (VNA), to thereby enable de-embedding of 
the test ?xture from measurements of the DUT connected to 
the test ?xture, the method comprising: 

(a) separating the test ?xture into tWo 4-port test ?xture 
segments, based on Which ports of the DUT have inter 
nal coupling, Wherein each test ?xture segment has an 
outer 2-port reference plane and an inner 2-port refer 
ence plane; 

(b) performing a 4-port calibration at outer planes of the 
tWo test ?xture segments, While corresponding ports of 
the inner planes of the test ?xture segments are con 
nected together With thru segments, to thereby deter 
mine a ?rst set of S-parameters (Smn’hm); and 
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?xtureil (c) determining a set of S-parameters (SW and 
Smn?‘m’eJ) for each of the tWo 4-port test ?xture seg 
ments, based on the ?rst set of S-parameters (Smn’hm). 

2. The method of claim 1, Wherein step (c), includes, deter 
mining the S-parameters (smn?xmel) for one of the tWo test 
?xture segments by: 

assuming sll?xtureil:sllthrus s2l?xtureil:s2lthrus 
sl2?xtureil:sl2thru and s22?xtureil:s22thrus Where 
Sn’h’”, SZIW”, $12M” and $22M” Were determined at 
Step (b); 

c.2) solving for S 1 3?m‘reil, SB?XWLI, S M?XWLI and 
Sgt/1mm?’l assuming 

fixtuzeil fixtmeil S13 S14 ] thru thru [ S13 S 14 ] 
fixtuleil fixtmeil S23 S24 

thru thru 
S23 S 24 

th r14 th r14 th r14 th r14 
5 S23 5 S14 S23 Where S13 and Were deter 

mined at step (b); 
Solving for S3 l?xtureil’ S4l?xtureil’ S32?xtureil and 
?xturei l ' S 42 as suming 

sgilmmii sgigmmii _ sgim sghzm 

szf‘ilxtuleil Siigmmfl _ siliru Sitar” 

Where $31M”, S4l’h’”, $32M” and $42M” Were deter 
mined at step (b); and 

(c.4) assuming S33?‘WL1, S34?‘WL1, S43?‘WL1, and 
S44?’CWLl are each equal to Zero. 

3. The method of claim 2, Wherein step (c) includes, deter 
mining the S-parameters (Smn?xm’eJ) for the other one of the 
tWo test ?xture segment segments by: 

Where Sl3?xtureil’ sl4?jctureil ’ S23?xtureil and S24?xtureil 
Were determined at step (c.2); 

s 

5 

Where S3l?xtureil’ S32?xtureil’ S4l?xtureil and S42?xtureil 
Were determined at step (c.3); and 

assuming s33?xturei2:s33thrus s43?xturei2:s43thrus 
S ?xturei2:s thru and S ?xtureJ:S thru 

3f; S thru34s thru S44thru d g4 thrz’l d W ere 33 s 43 , 34 , an 44 Were eter 

mined at step (b). 
4. The method of claim 2, Wherein step (c) includes, deter 

mining the S-parameters (Smn?xm’eJ) for the other one of the 
tWo test ?xture segment segments by: 

szz?xmi are each equal to Zero; 

?xturei2 ' S 24 as suming 

thru thru 
S13 S 14 
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12 
Where SEW”, $23M”, $14M” and $23M” Were deter 
mined at step (b); 

(c.7) solving for and 
?xtureiZ ' S 42 as suming 

Where S3l’h’”, S4l’h’”, $32M” and $42M” Were deter 
mined at step (b); and 

assuming s33?xturei2:s33thrus s43?xturei2:s43thru 
s34?xturei2:s34thru and S44?xtureJ:S44thru’ 
Where $33M”, $43M”, $34M” and $44M” Were deter 
mined at step (b). 

s 

5. A method for characterizing a test ?xture that is used for 
connecting 2 ports of a device under test (DUT) to a vector 
network analyZer (VNA), to thereby enable de-embedding of 
the test ?xture from measurements of the DUT connected to 
the test ?xture, the method comprising: 

(a) performing a 4-port calibration at outer planes of the 
tWo 4-port test ?xture segments, While corresponding 
ports of the inner planes of the tWo test ?xture segments 
are connected together With thru segments, to thereby 
determine a ?rst set of S-parameters (Sm/W”), Where 
one of the tWo test ?xture segments is used for connect 
ing 2 ports ofa DUT to a VNA; and 

(b) determining a set of S-parameters (smn?xmel) for the 
one of the tWo test ?xture segments that is used for 
connecting 2 ports of a DUT to aVNA, based on the ?rst 
set of S-parameters (Smn’hm). 

6. The method of claim 5, Wherein step (c), includes, deter 
mining the S-parameters (SMM?XWLI) for the one of the tWo 
test ?xture segments used for connecting 2 ports of a DUT to 
a VNA by: 

(c. 1) assuming S 1 l?’m‘rei 
?xtureil: thru 

S l 2 S l 2 

l i thru ?xtureil i th W4 
is l l 5 S2 1 TSZ s 

and SZZ?XWLIISZZ’hV”, Where 
S 11th”, $21M”, $12M” and $22M” Were determined at 
Step (b); 

fixtuleil f'xtuleil S13 S 14 ] thru thru 

[S13 S14 ] fixtuleil S23 
f 'xture 1 thru thru 
S * S23 S24 24 

Where SEW”, $23M”, Sl4’h’”, and $23M” Were deter 
mined at step (b); 

fixtuzeil fixtuleil S 31 S 32 ] thru thru 

[S31 S32 ] fixtuleil fixtureil S41 S42 
thru thru S41 S42 

Where $31M”, $41M”, $32M” and $42M” Were deter 
mined at step (b); and 

assuming S33?xtureil’ S34?xtureil’ S43?xtureil and 
S44?’CWLl are each equal to Zero. 
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7. The method of claim 5, wherein step (c), includes, deter 
mining the S-parameters (SMM?XWLI) for one of the tWo test 
?xture segments by: 

sl2?xtureil:sl2thru and s22?xtureil:s22thrus Where 
Sl 1W”, 821W”, 812W” and 822W” Were determined at 
Step (b); 

Solving for Sl3?xtureil’ S23?xtureil’ Sl4?xtureil and 
8211mm?’l assuming 

1 th 
:81 1 F14 

fixtuleil 
S13 S 14 

fixmm’l thru thru ] [ S1 3 S14 ] 
thru thru 

S23 S 24 fixtureil S23 S24 

Where 813W”, 823W”, 814W” and 823W” Were deter 
mined at step (b); 

(c .3) assuming 
S ?xtureil :S ?xtureil 

xturei l i xtureil 

s is, 

Were determined at step (c.2); and 
(c.4) assuming S33?xWLl, S34?xWL1, 8451mm?’l and 
S44?mmLl each equal to Zero. 

8. The method of claim 5, Wherein the tWo 4-port test 
?xture segments are parts of a same test ?xture that are 
separated into the tWo 4-port test ?xture segments, Wherein 
each test ?xture segment has an outer 2-port reference plane 
and an inner 2-port reference plane. 

9. The method of claim 5, Wherein the tWo 4-port test 
?xture segments are tWo physically distinct test ?xtures, each 
having an outer 2-port reference plane and an inner 2-port 
reference plane. 

10. The method of claim 1, Wherein step (c), includes, 
determining the S-parameters (smn?m’eil) for one of the tWo 
test ?xture segments by: 

(c.1) assuming S 1 l?’m‘rei , 
sl2?xtureil:sl2thru and s22?xtureil:s22thrus Where 
Sl 1W”, 821W”, 812W” and 822W” Were determined at 
step (b); 

(c.2) solving for SB?XWLI, S23?‘WL1, 8147mm“l and 
8211mm?’l assuming 

fixtureil S13 
fixtureil S23 

S14 

S24 

fixmleil thru thru ] [S13 S14 ] thru thru S23 S24 

Where 813W”, 823W”, 814W” and 823W” Were deter 
mined at step (b); 

(c .3) assuming 
S ?xtureil :S ?xtureil 
41 

Where Sl3?xtureil’ Sl4?xtureil’ S23?xtureil and S24?xtureil 
Were determined at step (c.2); and 

(c.4) assuming S33?‘WLl, S34?‘WL1, 8451mm?’l and 
S44?’CWLl are each equal to Zero. 

11. The method of claim 10, Wherein step (c) includes, 
determining the S-parameters (Smn?‘m’eJ) for the other one 
of the tWo test ?xture segment segments by: 

SZJ’XWL2 are each equal to Zero; 

?xturei2: ?xtureil S 24 S 24 

xturei l i xtureil s is, s 
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s 
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40 
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65 

14 
Where Sl3?xtureil’ Sl4?xtureil ’ S23?xtureil and S24?xtureil 

Were determined at step (c.2); 
(c.7) assuming 

S ?xturei2:s ?xtureil 

12. The method of claim 10, Wherein step (c) includes, 
determining the S-parameters (Smn?‘m’eJ) for the other one 
of the tWo test ?xture segment segments by: 

SZJ’XWL2 are each equal to Zero; 

5 

mined at step (b); 
Solving for S3 l?xtureis S4l?xturei2’ S32?xturei2 and 

S @?xmrei assuming 

thru thru [ S31 S32 ] 
thru thru S41 S42 

fixturefZ fixture] S 31 S 32 ] 

Where 831W”, 841W”, 832W” and 842W” Were deter 
mined at step (b); and 

(c.8) assuming S33?’m"L , 
s34?xturei2:s34thrus and s44?xturei2:s44thrus 
Where 833W”, S 43th”, 834W” and S 44th” Were deter 
mined at step (b). 

13. The method of claim 1, Wherein the assumptions of step 
(c) rely on the folloWing underlying assumptions: 
mismatch that occurs in one of the test ?xture segments 

primarily occurs at the 1-2 side, rather than the 3-4 side; 
mismatch that occurs in the other one of the test ?xture 

segments primarily occurs at the 3-4 side, rather than the 
1-2 side; and 

the tWo test ?xture segments have symmetrical transmis 
sion characteristics. 

14. A method for characterizing a test ?xture that is used for 
connecting a N-port device under test (DUT) to a vector 
netWork analyZer (VNA), to thereby enable de-embedding of 
the test ?xture from measurements of the DUT connected to 
the test ?xture, Where N24, the method comprising: 

(a) separating the test ?xture into multiple 4-port test ?x 
ture segments, based on Which ports of the DUT have 
internal coupling, Wherein each test ?xture segment has 
an outer 2-port reference plane and an inner 2-port ref 
erence plane; 

(b) performing a 4-port calibration at outer planes of a pair 
of the test ?xture segments, While corresponding ports of 
the inner planes of the pair of test ?xture segments are 
connected together With thru segments, to thereby deter 
mine a thru set of S-parameters (SmnthmJ); 
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(c) repeating step (b) for further pairs of the test ?xture (d) determining a set of S-parameters (smn?mmy) for each 
segments, until all of the test ?xtures segments are part of the multiple 4-port test ?xture segments, based on the 
of at least one 4-port calibration, Wherein each time step thru sets of S-parameters determined at steps (b) and (c). 
(b) is repeated another thru set of S-parameters is deter 
mined; and * * * * * 


